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Inhibitors of Dipeptidyl-Andnopeptidase Type IV 

Background of the Invention 
This invention relates to inhibitors of the amino 
peptidase activity of dipeptidyl amino peptidase type IV (DP 
IV), 

DP IV is a serine protease present in many microbes , 
mammalian cells and tissues, for example, renal tubule 
cells, intestinal epithelium, and blood plasma. It is also 
present on the surface of CD-4+ and some CD-8+ T-cells, and 
in low amounts in the central nervous system. It is thought 
to be involved in the regulation of the immune response; 
occurrence of DP IV on a cell surface is associated with the 
ability of cells to produce inter leiakin 2 (IL-2) • DP IV is 
also referred to as DAP IV or DPP IV; it is assigned EC 
number 3.4.14.5. 

Three different inhibitors of DP IV are known. One 
of these is a suicide inhibitor: N-Ala-Pro-0-{nitroben2yl-) 
hydroxy lamine. (The standard three letter amino acid codes 
are used in this application; O represents oxygen.) Another 
is a competitive inhibitor: e-(4-nitro) benzoxycarbonyl-Lys- 
Pro. The third is a polyclonal rabbit anti-porcine kidney 
DP IV immunoglobulin. 

Summary of the Invention 

The enzymatic activity of DP IV involves cleaving of 
a dipeptide from the free amino terminus of a polypeptide. 
DP IV has a preference for cleaving after a proline, i.e., a 
proline in the penultimate position from the amino terminus. 
A free amino terminus is required; thus, DP IV is a 
postproline cleaving enzyme with a specificity for removing 
an N-terminal W-Pro dipeptide from a polypeptide (where W 
can be any amino acid, including proline). DP IV 
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also will remove a W'-Ala dipeptide from an amino terminus 
of a polypeptide when is an amino acid with a bulky side 
group , e.g., tyros ine . 

This invention concerns provision of potent 
5 inhibitors of the enzymatic activity of DP IV. Generally, 
an a-amino boronic acid analog of proline (boroPro is used 
to designate one such analog which has the carboxyl group of 
proline replaced with a B (OH) ^ group/ where (OH)^ represents 
two hydrogen groups and B represents boron) is bonded to an 

10 amino acid to form a dipeptide with boroPro as the C- 

terminal residue. These dipeptide prolyl- boronic acids are 
potent and highly specific inhibitors of DP IV activity and 
have Ki values in the nanomolar range. 

Dipeptides haying the boroPro moiety are unstable; 

15 thus, we have designed inhibitors having at least two other 
amino acids. Generally, the structure of these inhibitors 
is X-Pro-Y-boroPro where X and Y are chosen from any eunino 
acid (including proline). This tetrapeptide may be 
lengthened at its M-terminus by addition of one or more 

20 dipeptides, each dipeptide having the general formula Z-Pro 
or 2-ala, where each Z independently is any amino acid 
(including proline). This general structure is defined in 
more detail below. These inhibitors function as inhibitors 
of DP IV because each dipeptide portion is a substrate for 

25 DP IV and the final product of the reaction of an inhibitor 
with DP IV is the dipeptide inhibitor Y-boroPro. The amino 
terminus of these inhibitors must not be blocked or they 
lose their inhibitory capacity for DP IV, since DP IV cannot 
cleave a dipeptide from a blocked N-terminal polypeptide. 

30 Thus, in a first aspect, the invention features an 

inhibitory compound having the structure: Group I - Group 
II. Group I has the structure: 
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where H represents a hydrogen; C represents a carbon; 0 
represents an oxygen; N represents a nitogen; each R, 
independently, is chosen from the group consisting of the R 
groups of an amino acid, including proline; each broken 
line, independently, represents a bond to an H or a bond to 
one R group, and each H* represents that bond or a hydrogen; 
and p is an integer between 0 and 4 inclusive. 
Alternatively Group I has the structure: 

r G2 1 
I 

Gl -- C 
I 

L G3 Jn 

where n is between 0 and 3 inclusive, each G2 and G3 
independently is H or CI - 3 (one to three carbon atoms) 
alkyl, Gl is NH3 (H3 represents three hydrogens), 

NH - C - NH2 
0 

NH2 

(H2 represents two hydrogens) , or 

NG4, where G4 is C - G5 

I 

G6 

Where G5 and G6 can be NH, H, or CI - 3 alkyl or alkenyl 
with one or more carbons substituted with a nitrogen. Gl 
bears a charge, and Gl and Group II do not form a covalently 
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bonded ring structure at pH 7.0, Group I may also have the 
structure : 



I 

where one or two of the a, b, c, d, e, and f group is N, and 
the rest are and each SI - S6 independently is H or CI - 
5 C3 alkyl. Group I may also include a five membered 
unsaturated ring having two nitrogen atoms, e.g., an 
imidazole ring. Group II has the structure: 
O H 

• 11 1 
10 C - N — C - T 

II 
Rl- C - Y 

I 

R2 

15 where T is a group of the formula: 
D2 

- B - Dl, where each Dl and 02/ independently, 
is a hydroxyl group or a group which is capable of being 
20 hydrolysed to a hydroxyl group in aqueous solution at 
physiological pH; a group of the formula: 
- C - CF - G, 

B I 

OF 

25 Where G is either H, fluorine (F) or an alkyl group 

containing 1 to 20 carbon atoms and optional heteroatoms 
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which can be N, S (sulfur) , or O; or a phosphonate group of 
the formula: 

O 



5 




O - J 



where each J, independently^ is 0-alkyl^ N-alkyl, or alkyl. 
Each 0-alkyl, N-alkyl or alkyl includes l - 20 carbon atoms 
10 and, optionally, heteroatoms which can be N, or O. T is 
generally able to form a complex with the catalytic site of 
a DP IV. 

R4 R5 
I I 

15 Y IS R3 - C - R4, R3 - C - C - R6, or 

I I 

R4 R5 R7 
III 

20 R3 - C - C - C - R8 

III 

R6 

and each Rl, R2, R3, R4, R5, R6, R7, and R8, separately is a 
group which does not significantly interfere with site 

25 specific recognition of the inhibitory compound by DP IV, 
and allows a complex to be formed with DP IV. 

In preferred embodiments, T is a boronate group, a 
phosphonate group or a trif luoroalkyl ketone group; each Rl- 
R8 is H; each Rl and R2 is H, and each Y is the CH^-CHj; 

30 each R is independently chosen from the R group of proline 
and alanine; the inhibitory compound has a binding or 
dissociation constant to DP IV of at least lO'^M, 10"®M or 
even 10"''m; the inhibitory compound is admixed with a 
pnannaceutlcally acceptable carrier substance; and each Dl 
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and D2 is, independently, F, or Dl and D2 together are a 
ring containing 1 to 20 carbon atoms, and optionally 
heteroatoms which can be N, S, or O* 

In a second aspect, the invention features a method 
5 for inhibiting the enzymatic activity of DP IV in a 

bacterium or mammal. The method includes administering to 
the mammal an effective amount of an inhibitory compound 
described above. Most preferably, the amount of compound 
administered is between 1 - 500 mg/kilogram of animal 
10 treated/day. 

Other features and advantages of the invention will 
be apparent from the following description of the preferred 
embodiments, and from the claims. 

Description of the Preferred Embodiments 
15 The drawings will first be briefly described. 

Drawings 

Figure 1 is a diagrammatic representation of the 
synthesis of a boro proline compound; and 

Figure 2 is a diagrammatic representation of several 
20 embodiments of the invention. 
Structure 

The inhibitory compounds of the invention have the 
general structure recited in the Summairy of the Invention 
above. Examples of preferred stiructures are those referred 

25 to as preferred embodiments above. 

The structure of the inhibitory compounds is such 
that at least a portion of the amino acid sequence near the 
cleavage site of a DP iv substrate is duplicated, or nearly 
duplicated. This duplication is in part responsible for the 

30 ability of the inhibitory compounds to inhibit DP IV, by a 
mechanism thought to involve competitive inhibition between 
a DP IV inhibitory compound or DP IV cleavage product of the 
inhibitory compound, and the actual DP IV substrate. 
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The choice of amino acid sequence affects the 
inhibitory activity of the inhibitory compound, and its 
specificity. Peptide fragments can be synthesized and then 
tested to determine their efficacy as inhibitors, using 
5 standard techniques. Specificity is determined in a similar 
fashion, by testing the inhibitory effect of a particular 
inhibitory compound on the enzyme activity. The inhibitory 
compounds preferably inhibit the enzymatic activity of DP IV 
arid do not inhibit enzymes necessary for normal cell 

10 functions. 

The inhibitory compounds include a group (T) which 
causes the inhibitory compound to complex with DP IV, not 
only in a competitive fashion, but in a chemically reactive 
manner to form a strong bond between the inhibitory compound 

15 and DP TV. This group thus acts to bind the inhibitory 
compound to DP IV, and increases the inhibitory binding 
constant (Ki) of the inhibitory compound. Examples of such 
groups include boronates, fluoroalkyl ketones and 
phosphcramidates (of the formulae given in the Summary 

20 above) . These groups are covalently bonded to the prolyl 
residue of the compound, as in the above formula. 

The proline or proline analog, represented by 



- N - C - 
I I 

25 Rl- C - Y 

I 

R2 , 

above, is chosen so that it mimics the structure of proline 
recognized by the active site of DP IV. It can be modified 
30 by providing Rl and R2 groups which do not interfere 
significantly with this recognition, and thus do not 
significantly affect the Ki of the compound. Thus, one or 
more hydroxy 1 groups can be substituted to foirm hydroxy- 
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proline, and methyl or sugar moieties may be linked to these 
groups. One skilled in the art will recognize that these 
groups are not critical in this invention and that a large 
choice of substituents are acceptable for Rl and R2. 
5 Synthesis 

Synthesis of boroProline 

Referring to Figure l, the starting compound I is 
prepared essentially by the procedure of Matteson et al. / 3 
Or ganbme t a 1 1 ics 1284, 1984, except that a pinacol ester is 

10 substituted for the pinanediol ester. Similar compounds 

such as boropipecolic acid and 2-azetodine boronic acid can 
be prepared by making the appropriate selection of starting 
material to yield the pentyl and propyl analogs of compound 
I. Further, CI can be substituted for Br in the formula > 

15 and other diol protecting groups can be substituted for 
pinacol in the formula, e.g., 2,3-butanediol and alpha- 
pinanediol. 

Compound II is prepared by reacting compound I with 
[ (CH3)03Si]2N-Li+. In this reaction hexamethyldisilazane is 

20 dissolved in tetrahydrofuran and an equivalent of n- 
butyllithium added at -78*^C. After warming to room 
temperature (20*C) and cooling to -78*»C an equivalent of 
compound I is added in tetrahydrofuran. The mixture is 
allowed to slowly come to room temperature and to stir 

25 overnight. The alpha-bis[trimethylsilane] -protected amine 
is isolated by evaporating solvent and adding hexane under 
anhydrous conditions. Insoluble residue is removed by 
filtration under a nitrogen blanket, yielding a hexane 
solution of compound II. 

30 Compound III, the N-trimethysilyl protected foirm of 

boroProline is obtained by the thermal cyclization of 
compound II during the distillation process in which 
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compound II is heated to 100-150 ^'C and distillate is 
collected which boils 66-62 *C at 0.06-0.10 mm pressure. 

Compound IV, boroProline-pinacol hydrogen chloride, 
is obtained by treatment of compound III with HCl:dioxane. 
5 Excess HCl and by-products are removed by trituration with 
ether. The final product is obtained in a high degree of 
purity by recrystallization from ethyl acetate. 

The botoProline esters can also be obtained by 
treatment of the reaction mixtiire obtained in the 
10 preparation of compound II with anhydrous acid to yield 1- 
amino-4-bromobutyl boronate pinacol as a salt. Cyclization 
occurs after neutralizing the salt with base and heating the 
reaction. 

Example I ; Preparation of boroProline-pinacol 

15 fH-boroPro-pinacol) 

The intermediate, 4-Bromo-l-chlorobutyl boronate 
pinacol, was prepared by the method in Matteson et al. , 
Oraanometa 1 1 ics . (3): 1284-1288 (1984), except that 
conditions were modified for large scale preparations and 
20 the pinacol was substitued for the pinanedoil protecting 
group . 

3-bromopropyl boronate pinacol was prepared by 
hydrogenboronation of allyl bromide (173 ml, 2.00 moles) 
with catechol borane (240 ml, 2.00 moles). Catechol borane 

25 was added to allyl bromide and the reaction heated for 4 

hours at 100**C under a nitrogen atmosphere. The product, 3- 
bromopropyl boronate catechol (bp 95-102 ®C, 0.25 mm), was 
isolated in a yield of 49% by distillation. The catechol 
ester (124 g, 0.52 moles) was transesterif ied with pinacol 

30 (61.5 g, 0.52 moles) by mixing the component in 50 ml of THF 
and allowing them to stir for 0.5 hours at 0*»C and 0.5 hours 
at room temperature. Solvent was removed by evaporation and 
250 ml of hexane added. Catechol was removed as a 
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crystalline solid. Quantitative removal was achieved by 
successive dilution to 500 ml and to 1000 ml with hexane and 
removing crystals at each dilution. Hexane was evaporated 
and the product distilled to yield 177 g (bp 60 - 64 ^C, 0.35 
5 mm) . 

4-Bromo-l-chlorobutyl boronate pinacol was prepared 
by homologation of the corresponding propyl boronate. 
Methylene chloride (50.54 ml, 0^713 moles) was dissolved in - 
500 ml of THF, 1.54 N n-butyllithium in hexane (480 ml, 

10 0.780 moles) was slowly added at -100*C. 3-Bromopropyl 

boronate pinacol (178 g, 0.713 moles) was dissolved in 500 
ml of THG, cooled to the freezing point of the solution, and 
added to the reaction mixture. Zinc chloride (54.4 g, 0.392 
moles) was dissolved in 250 ml of THG, cooled to 0*C, and 

15 added to the reaction mixture in several portions. The 

reaction was allowed to slowly warm to room temperature and 
to stir overnight. Solvent was evaporated and the residue 
dissolved in hexane (1 liter) and washed with water (1 
liter) . Insoluble material was discarded. After drying 

20 over anhydrous magnesium sulfate and filtering, solvent was 
evaporated. The product was distilled to yield 147 g (bp 
110 - 112*>C, 0.200 mm). 

N-Trimethylsilyl-boroProline pinacol was prepared 
first by dissolving hexamethyldisilizane (20.0 g, 80.0 

25 mmoles) in 30 ml of THF, cooling the solution to -78 •c, and 
adding 1.62 M n-butyllithium in hexane (49.4 ml, 80.0 
mmoles) . The solution was allowed to slowly warm to room 
temperature. It was recooled to -78 and 4-bromo-l- 
chlorobutyl boronate pinacol (23.9 g, 80.0 mmoles) added in 

30 20 ml of THF. The mixture was allowed to slowly warm to 

room temperature and to stir overnight. Solvent was removed 
by evaporation and dry hexane (400 ml) added to yield a 
precipitant which was removed by filtration under an 
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nitrogen atmosphere. The filtrate was evaporated and the 
residue distilled, yielding 19.4 g of the desired product 
(bp 60 - 62«C, 0.1 - 0.06 mm). 

H-boroProline-pinacol.HCl was prepared by cooling N- 
5 trimethylsilyl-boroProline-pinacol (16.0 g, 61.7 mmoles) to 
-78*C and adding 4 N HCLxdioxane 46 ml, 185 mmoles) . The 
mixture was stirred 30 minutes at -78 **C and i hour at room 
tempeirature. Solvent was evaporated and the residue 
triturated with ether to yield a solid. The crude product 

10 was dissolved in chloroform and insoluble material removed 
by filtration. The solution was evaporated and the product 
crystallized from ethyl acetate to yield 11.1 g of the 
desired product (mp 156.5 - 157**C). 

Synthesis of boroProline Peptides 

15 General methods of coupling of N-protected peptides 

and amino acids with suitable side-chain protecting groups 
to H-boroProline-pinacol are applicable. When needed, side- 
chain protecting and N-terminal protecting groups can be 
removed by treatment with anhydrous HCl, HBr, 

20 trif luoroacetic acid, or by catalytic hydrogenation. These 
procedures are known to those skilled in the art of peptide 
synthesis. 

The mixed anhydride procedure of Anderson et al., J,_ 
Am, Chem, Soc. , 89:5012 (1984) is preferred for peptide 

25 coupling. Refering again to Figxire 1, the mixed anhydride 
of an N-protected amino acid or a peptide varying in length 
from a dipeptide to tetrapeptide is prepared by dissolving 
the peptide in tetrahydrof uran and adding one equivalent of 
N-methylmorpholine. The solution is cooled to -20*>C and an 

30 equivalent of isobutyl chloroformate is added. After 5 
minutes, this mixture and one equivalent of triethylamine 
(or other sterically hindered base) are added to a solution 
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of H-boroPro-pinacol dissolved in either cold chloroform or 
tetrahydrof uran . 

The reaction mixture is routinely stirred for one 
hour at -20*C and 1-2 hours at room temperature (20«C). 
5 Solvent is removed by evaporation^ and the residue is 

dissolved in ethyl acetate. The organic solution is washed 
with 0.20 N hydrochloric acid, 5% aqueous sodium 
bicarbonate, and saturated aqueous sodium chloride. The 
organic phase is dried over anhydrous sodium sulfate, 

10 filtered, and evaporated. Products are purified by either 
silica gel chromatography or gel permeation chromatography 
using Sephadex** LH-20 and methanol as a solvent. 

Previous studies have shown that the pinacol 
protecting group can be removed in situ by preincubation in 

15 phosphate buffer prior to running biological experiments; 
Kettner et al., J. Biol . Chem . 259 ; 15106-15114 (1984). 
Several other methods are also applicable for removing 
pinacol groups from peptides including boroProline and 
characterizing the final product. First, the peptide can be 

20 treated with diethanolamine to yield the corresponding 
diethanolamine boronic acid ester, which can be readily 
hydrolyzed by treatment with aqueous acid or a sulfonic 
acid substituted polystyrene resin as described in Kettner 
et al., id. Both pinacol and pinanediol protecting groups 

25 can be removed by treating with BC13 in methylene chloride 
as described by Kinder et al., J. Med . Chem . , 28; 1917. 
Finally, the free boronic acid can be converted to the 
dif luoroboron derivative (-BF2) by treatment with aqueous HE 
as described by Kinder et al., id . 

30 Similarly, different ester groups can be introduced 

by reacting the free boronic acid with various di-hydroxy 
compounds (for example, those containing heteroatoms such as 
S or N) in an inert solvent. 
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Example 2 ; H-Ala-boroPro 

Boc-Ala-boroPro was prepared by mixed anhydride 
coupling of the N-Boc-protected alanine and H-boroPro 
prepared as described above. H-Ala-boroPro was prepared by 
5 removal of the Hoc protecting group at 0*C in 3.5 molar 
excess of 4 N HCl-dioxane. The coupling and deblocking 
reactions were performed by standard chemical reaction. 
Ala-boroPro has a Ki for DP iV of -1 x 10"^M. Boc-bloCked 
Ala-boroPro has no affinity for DP IV. 

10 The two diastereomers of H-Ala-boroPro-pinacol can 

be partially separated by silica gel chromatography with 20% 
methanol in ethyl acetate as eluant. The early fraction 
appears by NMR analysis to be 95% enriched in one isomer. 
Because this fraction has more inhibitory power against DP 

15 IV than later fractions (at equal concentrations) it is 
probably enriched in the L-boroPro isomer. 

One significant drawback with H-Ala-boroPro as an 
inhibitor for DP IV is that it decomposes in aqueous 
solution at neutral pH and room temperature (20 - 25®C) with 

20 a half -life of around 0.5 hour. Many dipeptide derivatives 
with a free N terminal amino group and a functional group 
(such as a dif luoromethyl ketone) on the C- terminus are 
similarly unstable due to intramolecular reaction. A six 
member ring is formed between the amino and C-terminal 

25 functional groups and undergoes subsequent further reaction, 
such as hydrolysis. DP IV bound inhibitor is more stable, 
consistent with the hypothesis that decomposition is due to 
an intramolecular reaction. 

H-Pro-boroPro is more stable than H-Ala-boroPro. 

30 The Ki of H-Pro-boroPro for DP IV is about 1 x 10"®M, and it 
decomposes in aqueous solution at room temperature (20- 
25*C) with a half life of about 1.5 hours. Although the 
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affinity of H-Pro-boroPro is about 10-fold less than that of 
H-Ala-boroPro, the increased stability is advantageous. 

Because of the relatively short half life of the 
above dipeptides inhibitory compounds of the invention are 
5 formed as tetrapeptides or longer peptides as shown in the 
general formula above. These inhibitory compounds are 
substrates for DP IV yielding the dipeptide inhibitor W- 
boroPro* These tetrapeptide boronic acids are generally 
stable and can be administered by any standard procedure to 

10 act as a substrate for DP IV and then as a source of a 
potent DP IV inhibitor. The advantages of such 
tetrapeptides is that inhibitor is released only in the 
vicinity of active DP IV. These tetrapeptide boronic acids 
can be made by the method of mixed anhydride coupling by one 

15 of ordinary skill in the art, e.g., Mattason, 
Oraanametallics 3:1284 to 1288, 1984. 
Test Systems 

The following are excimples of systems by which the 
inhibitory activity of the above described inhibitory 

20 compounds can be tested on DP IV. As an example H-Ala- 

boroPro is used to test each of these systems. Inhibitory 
compounds can be tested by simply substituting them for H- 
Ala-boroPro. 

DP IV is purified from pig kidney cortex by the 

25 method of Barth et al.. Acta Biol. Med. Germ. (1974) 32:157, 
and Wolf et al.. Acta Biol. Med. Germ. (1978) 37:409, and 
from human placenta by the method of Puschel et al., E. Eur. 
J. Biochem. (1982) 126:359. H-Ala-boroPro inhibits both 
enzymes with a Ki of -1.0 x 10"^M. 
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Human Peripheral Blood Mononuclear Cells 
H-Ala-boroPro was tested for its influence on PHA- 
induced proliferation of human peripheral blood mononulcear 
cells. Human peripheral blood mono-nuclear cells were 
5 obtained from healthy human donors by Ficoll-Hypaque density ^ 
gradient centirifugation. The cells are washed three times |< 
in RPMI 1640: medium and resuspended to a concentration of a 
I X io^ in RPMI. 10% human serum was used as necessary. 

The proliferative response of lymphocytes was r \^ 

10 measured using 3H-Thymidine incorporation. MNC cells [Ford, 
W.L. in Handbook of Experimental Immunology edit, by .; D.M. 
Weir. Blackwell Scientific Publications, Oxford, 1978. p. P 
23.6] (5 X 10^) were distributed into wells of round-bottom 
microtitre plates (Nunc) and incubated in the presence or 

15 absence of various dilutions of antigen, mitogen, lymphokine 
or other agent of interest. Cells were cultured in a 
atmosphere of 5% CO^ in air for 72 hours after which "^H- 
Thymidine (0.5 uCl/well; 2.0 Ci/mM sp.act.. New England 
Nuclear) was added 6 hours iDefore termination of culture. 

20 The cells wiere harvested with a multiple automatic 

harvester, and ''h- thymidine incorporation assessed by liquid 
scintillation counting. "^H thymidine incorporation was 
deteirmined relative to control values in the absence of j;: 
inhibitor. Inhibitor was added to give a final | 

25 concentration of 1 x 10"*M, but lower concentrations can be 

used. ^ 
HIV gene replication ; 
We examined the effect of H-Ala-boroPro on HIV-1 
replication in vitro. The rational for these experiments 

30 comes from the reported connection between T-cell | 
activation, IL-2 production, and HIV replication and 
expression of HIV proteins. For example, inductive signals 
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associated with HIV replication include mitogens, antigens, 
lymphokines, and transcriptions factors such as NF-kB, all 
of which have been shown to be associated with induction of 
IL-2 production, T-cell activation, or both. 
5 Cell lines used in the present studies include A3. 5 

cells (a monocyte cell line which is CD4+, HLA-DR+, and 
CD3-) and peripheral blood mononuclear cells (PBMC) . The 
A3. 5- cells grow continuously in culture without exogenous 
growth factors. PBMC cells require IL-2 for propagation in 

10 vitro . Cells were infected with HIV-IIIIB at a multiplicity 
of infection (moi) of 5 x 10"^ tissue culture infectious 
dose 50 (TCID50) /cell for both the A3. 5 cells and the PMBC 
cells. Dilutions of inhibitor were made in RPMI-1640 and 
subsequently passed through a 0.22 urn filter. At the start 

15 of each experiment, 1 x 10^ cells/well, in 24-2311 plates, 
were infected with HIV-IIIIB at the moi indicated above. 
Inhibitor was added simultaneously at the appropriate 
dilutions. All cultures were maintained at 5% CO^ and 37 *C 
in RPHI-1640 supplemented with penicillin, streptomycin, L- 

20 glutamine, hepes buffer, and 20% heat-inactivated fetal calf 
serum. Cell counts and viability were determined by trypan 
blue exclusion. Culture supernatants were harvested and 
assayed for HIV-1 p24 antigen by ELISA (NEN-DuPont, Boston, 
MA) . Fresh media and inhibitor were added on each day. For 

25 PBMC cultures, cells were collected from HIV-1 seronegative 
donors and stimulated with PHA-P (Difco, Detroit, MI; 10 
/xg/ml) and 10% IL-2 (Electronnucleonics, Silver Spring, MD) 
3 days prior to infection with HIV-1. PBMC cultures for all 
experiments included uninfected and infected cells without 

30 inhibitor, uninfected cells with inhibitor at the various 
concentrations, and infected cells in the presence of 1 um 
zidovudine (azidothymidine, AZT) . 



wo 91/ 16339 



KCi/ubyi/u25iy 



- 17 - 

With A3 ,5 cells H-Ala-boroPro suppresses HIV below 
detectable levels in a manner similar to the anti-HIV effect 
of A2T at 1 um. Similar results were observed with the PBMC 
cells. Thus^ inhibitors of this invention have an anti HIV 
5 effect. Cell viability assays show that these inhibitors 
are not cytotoxic even at relatively high concentration (10- 
3 M for A3. 5 cells) . 

Determination of DP IV Activities in Biological 

Samples 

10 The ability to determine DP IV activities associated 

with cells and tissues is highly desirable. For example, it 
will permit correlations to be made between level of 
inhibition of DP IV and the magnitude of the observed 
biological affect, e.g., on cell proliferation, and IL-2 

15 production. Such correlation is helpful in establishing 

whether or not the biological affect is due to inhibition of 
DP IV. We have found that such determinations can be 
reproducibly and reliably made using the readily available 
chromogenic substrates for DP IV: X-Pro-p-nitroanilides and 

20 X-Pro-7-amino-4-trif luoromethyl coumarins (AFC) . The AFC 
substrates are fluorescent and thus provide greater 
sensitivity. DP IV activity is measured as release of p- 
nitroanilide spectrophotometrically at 410nM, or using X- 
Pro-AFC derivatives and measuring fluorescence at 505nM. 

25 Reduction in activity in the presence of inhibitor provides 
an easy test for inhibitory activity. 
Use 

The inhibitory compounds can be administered in an 
effective amount either alone or in combination with a 
30 pharmaceutical ly acceptable carrier or diluent. 

The above inhibitory compounds are useful for 
treatment of a wide variety of disease; for example, an 
autoimmune disease, the pathogenesis of which is dependent 
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on T cell activity* DP IV plays a role in such autoimmune 
disease and inhibition of DP IV activity allows regulation 
of the progress of the disease. Such diseases include 
arthritis, rejection of transplanted organs, as well as SLE 
5 and AIDS. When administered to mammals (e.g., orally, 
topically, intramuscularly, intraperitoneally, 
intravenously, parenterally, nasally or by suppository), the 
inhibitory compounds of this invention enhance the ability 
of, e.g., the immune system of the mammal, to fight the 
10 disease. 

Inhibitors of DP IV can suppress IL-2 production and 
thus diseases in which the production of IL-2 is altered may 
be treated by use of these inhibitors. These inhibitors can 
also delay catabolism of growth hormone releasing factor, 

15 and block DPIV activity of amoebae and microbial pathogens 
to allow an immune system to act more efficiently. 

The inhibitory compounds or compositions can be 
administered alone or in combination with one another, or in 
combination with other therapeutic agents. The dosage level 

20 may be between 1 - 500 mg/kg/day. 

Other Embodiments 
Other embodiments are within the following claims. 
For example, other inhibitors can be created which mimic the 
structure of Ala-boroPro. Examples of such iiihibitors are 

25 shown in Fig. 2 and include Ala-boroPro. These inhibitors 
generally have a boroPro group, or its equivalent, described 
above in the Summary of the Invention, and a positively 
charged amine group. The inhibitors are designed so that 
minimal interaction of the amine and boroPro groups occurs, 

30 and thus no cyclic structure is formed at pH 7.0. These 
inhibitors interact and/or bind with DPIV, and thereby 
reduce the DPIV enzymatic activity toward a normal 
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substrate. These inhibitors are synthesized by procedures 
well known to those of ordinary skill in this art. 
What is claimed is: 
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1. An inh ib ih i i i ii i i rr l^ Jhriviirj the structure 

Group I - Group II 
where Group I has the structure: 



O 
II 



-- NH'- C-C-N-C-C-- NH«- C 



I I 
Rl- C - Y 

I 

R2 



H 
I 



I 
R 



wherein each R, independently, is chosen from the 
group consisting of the R groups of an amino acid including 
proline; eaclAbroken line, independently, represents a bond 
to an H or a b\nd to one said R group, and each H* 
represents saidNbond or a hydrogen; p is an integer between 
0 and 4 inclusive^ 

or Group I Ijas the structure: 



Gl 



G2 1 
I 

C 



n 



where n is between and 3 inclusive, 

each G2 and G3 independently is H or CI - 3 alkyl, 

Gl is NH3, NH - C - NH? ,or 

B 

NH2 

NG4, Where G4 is C - G5 
• G6 

where G5 and G6 can be NH, H,\or CI - 3 alkyl or 
alkenyl with one or more carbons substituted with a 
nitrogen; provided that Gl bears a charge and Gl and Group 
II do not form a covalently bonded ring structure at pH 7.0; 
or Group I has the structure: 
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I 



37 where one two of said a, b, c, d, e, and £ is N 

38 and the rest are cAand each SI - S6 independently is H or 

39 CI - C3 alkyl; where\Group II has the structure: 

40 O 

41 8 r 

42 C - N - C 

43 I I 

44 Rl- C - Y 

45 I 

46 R2 j 

47 T is a group of the formula:^ 



48 
49 
50 

51 

52 

53 

54 
55 
56 



D2 

- B- Dl, where B is boron and ekch Dl and D2, independently, 

is a hydroxyl group or a group which is capable of being 

hydrolysed to a hydroxyl group in a^eous solution at 

physiological pH; a group of the foi 

-C - CF- G, 
i I 



57 where G is either F or an alkyl group dontaining 1 to 20 

58 carbon atoms and optional heterbatoms which\pan be N, S, or 

59 O; or a phosphonate group of the formula: 
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60 
61 
62 
63 
64 

65 
66 
67 
68 
69 



- p - J 
I 

O - J 

where eacft. J, independently, is O-alkyl, N-alkyl, or alkyl, 
each said ^alkyl, N-alkyl or alkyl comprising 1 - 20 carbon 
atoms and, 4ltionally, heteroatoms which can be N, S/ or O; 
said T being dble to form a complex with the catalytic site 
of a dipeptidylVaminopeptidase type IV (DP IV) enzyme; 



70 
71 
72 
73 

74 
75 
76 
77 
78 
79 



1 

2 



Y is R3 - X - , R3 - 



R4 R5 
I I 

C - C - R6, 
I I 



or 



R3 - 



R5 R7 

I I 

- C - RS 



80 and each Rl, R2, R3, R4, R5, R7, and R8, separately is a 

81 group which does not significantly interfere with site 

82 specific recognition of said inhibitory compound by said DP 

83 IV, and allows said complex to be farmed with said DP ly 



2. The cop»p6und of claim 1, wft^ein T is a bor;onate 



group. 



1 3. The compound of claim 1, wherein>T is a 

2 phosphonate group or a trif luoroalkyl ketone 



;pup. 



1 

2 H. 



4 . The cojiptSUnd of claim 1 wherein each R^V is 
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1 V5, The coinp<J^ind of claim 1 or 2 wherein each Rl and 

2 R2 are iK and each Y is CH^ - CH^ . 



1 6. yhe cojapcJUnd of claim 5 wherein each R is 

2 independently^ chosen from the R group of proline and 

3 alanine. 



1 7. The cJdmpotind of claim 1, wherein said compound 

2 has a binding or dissociation constant to said DP IV of at 

3 least lO'^^M. 

1 8* The compotihd of claim 1, wherein said compound 

2 has a binding constant to said DP IV of at least 10"®M. 

1 9 . The compcrtind oJE claim 1 admixed within a 

2 pharmaceutically acceptable\carrier substance. 

1 10. The compt5und of ciaim 1 wherein, each Dl and D2 

2 is, independently, F or Dl and D2 together are a ring 

3 containing 1 to about 20 carbon atoms, and optionally 

4 heteroatoms which can be N, S, or 

1 11. A method inhibiting D^ IV in a mammal, 

2 comprising adH^ni^fc^ring to said mammal\in effective amount 

3 of a compoundx<ix^Qlaim 1. 



1 
2 



12. The methpoNof claim 11 wherein s\id amount is 1 



- 500 mg/kg/day. 
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FIG. 



(I) Br-(CH2)3-CH— 
I 

CI 



0- — 



[(CH3)3S)l2 N-U^- 
-78*'C-+25'*C 



A-bromo-l-chlorobutyl boronate plnacol 
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irnsideoce i. ool indicated, it «ill be utumed that the countnr of toidence ii the .ame as the countty indicted in the addre,.. 



Bo.NorV AGENT (IF ANY) OR COMMON REPRESENTATIVE (IF ANY): ADDRESS FOR NOTinCATlON. 
CERTAIN CASES) A common represenuiive mn be .ppoinicd only if there .re .ever.l .pplic»u «nd if no »fcoi it or has b. • 

«noti;\%%'«^^^^^^ « - represenuUve lo .ct 

on behalf of the .pplicifiUi) before the competent lotern.tion*! Aulhonliei: 

, J J , ir the space below is used tnstctd form I 

Name and address, includinj posul code and country: address for notifications, mark here I — I 

CLARK, Paul T- 
Fish & Richardson 
225 Franklin Street 
Boston, Massachusetts 02110 

United States of America Teleprinter 



Bo. No V DESIGNATION OFGROUPS OFSTATES OR STATES (0; CHOICE OF CERTAIN KINDS OF PROTECTION 
OR T&ATM^. TT>e foUowing designations are hereby made (please mark the applicable checkboxes): 

Regional Patent 

m n c^*^^... p.f»fita)* AT Austria. BE Belsium, CH and LI Switzerland and Liechtenstein. DE Gennany 
fftd?^yitepubire VD^^^^ France, GB United Kingdom, IT Italy, lli Luxembourg. 

p~1 Qj^ oAPl Patent: Benin. Burkina Fa$o. Cameroon. Central African Republic. Chad. Congo. Gabon. Mali. Mauriunia, 
^d2J^h«&te which i» « ContrieUni Suie of OAPI «d of the I^; if other OAPI UUe de»ir^^ 

National Patent (if other Und of protection or treaunent desired, specily on dotted lineO)) 

□ AT AustriaO) □ Republic of Korea(3) 

□ AU Australia^)..... □ Sri Lanka 

□ BB Barbados □ LuxembourgO) 

□ BC BulgariaO) □ MC MonacoO) 

Q BR BrazilO) □ MG Madagascar 

(X] CA Canada □ MW MalawiO) 

Q CHandU Swiuerland and Uechtenstein Q NL Netherlands 

Q DE Germany (Federal Republic oO(J) D 

Q RO Romania 

□ DK Denmark □ SD Sudan 

□ ES SpainO) □ SE Sweden 

□ n Ftnland □ SU Soviet UnionO) 

I I GB United Kingdom 

Q HU Hungary Q US United Sutes of AmericaO) 

flTj JP JapanO) ■ 

I I KP Democratic People's Republic of KoreaO) 



Space reserved for deiitn«mi Suie. (for the puiposei of. nitiond piteni) which hive become party to the PCT.ftcr the issuuce of this sheet: 



(1) 
(3> 
(3) 



n»e .pplieuifa eboicc of tbe order of detigneiloiu may be indicated by marfciag the ehe«k-*oxe» with seqaeaUtl arabie oumento (see 
^ Sfe^SS5;^*pJ?SiuS's^ttf for a European paunt caa be nude upon enierio« the national (reponal) pbue before the Europe^ 

U desired, specify accordint to the iostruclioni given m the Note* lo Boi r«o. v. 



Box No VI PRIORITY CLAIM (IF ANY). The priority of the following e.rlicr .ppIi«lion(,) i. hereby cUimed 

. ... p;.;«.D.« AppliclionNo 

Country (country in which it 
was filed if national application; 



„„ ipplic 

one of the countries for which it 
was filed if rc|ional or interna 
tional application) 



(I) 



US 



Filing Date 
(day. month, year) 



(14,04.90) 

U April 1990 



510>274 



Office of Filing (fill in only if 
the earlier application is an 
international application 
or a regional application) 



(2) 



0) 



(Letter codes may be used to indicate country tnd/or OfT.ce of filing) ^ 

When ihe earlier .pplic.tion was filed with the omce whicl. for ^ 

rpp«»^^^ o the mtemational Bureau a certified copy of the above-mentioned 



BoTno. VII EARLIER SEARCH (IF ANY) BlI m w^^^^^^^^ :,^t^e\S^^^ tSu^r^SuX 
?*Vh^ L'i^erS^^ K"?S;h'\d"X^^^^^^ search or^equest either by reference to the relevant .pphca- 



Searching Authoriy 



International application number or 
number and country (or regional 
OfTice) of other application : 

Dale of request for search: 



Intemalional/regional/national 
filing date 



Number (if available) 
given to search request: 



Bos No. VIII SIGNATURE OF APPLICANT(S) OR AGENT 

NEW ENGLAND MEDICAL CENTER HOSPITLAS, INC. 
TUFTS UNIVERSITY SCBO^L OF MEDICINE 




Paul T. Clark 



Attorney for Applicant .oolicint b» u aenl. a $ep«rite power of iltoraey ippointini the ageni ind lijned by 

{J?.3r^"* fe^^dTr ;^c"h1«e "^^^l^XtStl^'^T. .Ineli. poie, ofauon-cy (depo.Ued wiU. .he rece.v.n. omce,. . cop. 



theapplicant ^_ 

thereof roust be atuched to this form. 



Box N0.IX CHECK LIST (To be filled in by the Applicant) 

This international appIicaUon conuins the following number of 
sbeeu: 

4 sheeu 

19 shceU 

4 sheeu 

1 sheett 

2 sheeu 



1. request — 

2. description 

3. claims 

4. abstract — 



5. drawings 



Total 



30 sheeu 



Figure number , .... ^ 

to accompany the abstract for publication. 



. ofthe drawings (if any) is suttested 



This international application as filed is accompanied by the items 
checked below: 

1, I I separate signed power of attorney 

2, copy of general power of attorney 
I I priority documcnt(s) (see Box No. VI) 
I I receipt ofthe fees paid or revenue sumps 

cheque for the payment of fees 
^, request to charge deposit account 

7. (2 other document (specif) 

Transmittal Letter 
Fee Calculation sheet 



■ (TUe fallovtag to U b« filled U by (be rceclTiBg Office) 

t. Date of actual receipt ofthe purported inumational application: 



1 Corrected date of artual receipt due to Uter but timely received papers 
^ SWngs cS.?^ the purported inumational applicabon; 



3. Date of timely receipt ofthe required corrections iinder Article U of the POT: 



4. Drawings □ Received □ Ho Drawings 



(ne LlUwIag h U be flUed l> by the I.UraaU.aal B«r«a«) 



DaU of receipt ofthe record copy: 



THIS SHEET IS NOT PART OF AND DOES NOT COUNT AS A SHEET OF THE INTERNATIONAL APPLICA HON 



APPLICANT 

NEW E NGLAND MEDICAL CENTER HOSPITLAS. INC.. et al 



INTERNATIONAL APPLICATION NUMBER 
(t be filled in by the receiving Omce) 



DATE STAMP OF RECEIVING OFHCE 



FEE CALCUUTION SHEET> 
FEES SUBMITTED OR TO BE CHARGED TO DEPOSIT ACCOUNT 
1. TRANSMITTAL FtV 



IL SEARCH FEE* • 

Sntl Sea?S AuiUri^^^ the name of the Authority to which the mternationjd apphca- 
lion i to be lnn«nitted^ Note that the amount of the search fee depends on the identity 
of the International Searching Authority.) . 

in. INTERNATIONAL FEE* 
BASIC FEE* 

Indicate the number of SHEETS contained in the international application ^fl 





T 


380 


S 



first 30 shccU 



559 



remaining 



sheets 



Add amounu entered in boxes b, and bj and enter total in box B. 
TTiis figure is the amount of the BASIC FEE 



559 



DESIGNATION FEES' 

Indicate the number of NATIONAL PATENp 
which have been sought and multiply by the 
amount of the designation fee. 

Indicate the number of REGIONAL PATENp 
which have been sought and multiply by the 
amount of the designation fee. 



135 



270 



I 



135 



135 



Add amounu entered in boxes dt and dj and enter total in 
box D (if that total exceeds the figure which corresponds to 
the amount of the designation fee multiplied by ten, enter 
the latter figure in Box D)*. _^^,^v» *™ki race 
This figure is the amount of the DESIGNATION FEES .... 



405 



Add amounts entered in boxes B and D and en^^^^ box L 
This figure is the amount of the INTERNATIONAL FEE 



IV TOTAL OF PRESCRIBED FEES SUBMITTED OR TO BE CHARGED 
' TO DEPOSIT ACCOUNT 
Add amounu entered in boxes T. S and I and enter toul^ 
This figure is the total amount of the PRESCRIBED FEES SUBMITTED OR 
TO BE CHARGED TO DEPOSIT ACCOUNT . 



TOTAL 



™c AOPff tr-AiMT MAY PAY TME PRESCRIBED FEES BY ICHEQUE, POSTAL MONEY ORDER. BANK DRAFT, 
OFFICE IF THE LATTER HAS A DEPOSIT ACCOUNT SYSTEM. 



This column 
for use by 
receiving 
OfTice 



DEPOSIT ACCOUNT AUTHORIZATION* 

nTbe RO/ u hereby auUi riiedt charje the lotdfee$ indicated above 10 my deposit account. 

TheRO/uS isherebyautt riied to charge any deficiency or credit any overpayrneot in the t tal fees todieated 

.Laua t a miff <H 



m-m-mrw ^ . 

above to my deposit account. 

ThcRO/US isheret, ~ 

latemati nal Bureau of WlPO to my deposit tccount. 



n The RO/ US « hw^y authorized I charge the fee for preparation and trtnsrnittal f the prioritydocument t the 



06-1050 



1 I'- i i: 



^..^*;t Arr^itnt Niimher 



Date 




PATENT COOPERATION TREATY 
DENUND 

tTJDER ARTICLE Jl OF THE PATENT COOPERAHON TREATY: 

TME CNOERSICNEO REQUESTS THAT THE I>fn:RNATIONAL APPLICATION SPEOnED BELOW 
THE ^^^'^^•^g*^^^ SUBJECT OF INTERNATIONAL PRELIMINARY EXAMINATION 
ACCORDING TO THE PATENT COOPERATION TREATV' 



Box No. 1 IDEVnnCATTON 


OF THE I>rrERNAT10NAL APPLICATION 


Reference (indicated by applicant if desired t: 


(nicmational Application No. 




International Filing Date 




(6arliesti Pnonty Date 
14 Aoril 1990 


PrT/TTCQI /n9«;iQ 

Title of Invention 

HTPFPTTnYT -^ft^TMhPPPT 


•THACP 








Box No. II APPLICANTS). 


Further applicanu are indicated on a continuation sheet 


□ 



Name anJ address, including postal code and country: 

New England Medical Center Hospitals, Inc. 
750 Washington Street 
Boston, Massachusetts (52111 
United States of America 



- State of residence: • 

Sutc of nationality: 



Telephone number (including area code): Telegraphic address: Teleprinter address: 



Name and address, including posul code and country: 

Tufts University School of Medicine 
136 Harrison Avenue 
Boston, Massachusetts 02111 
United States of America 

State of nationality: State of residence: 



Box No. m AGENT OR COMMON R EPRESENTATTVE (IF ANY); ADDRESS FOR NOTIFICATIONS (IN CERTAIN 
CASES) , ■ — 



an address for notifications, mark here. ; 



The following named agem or common rcprcsenuave 

1. Q has been appointed earlier and represenu the applicam also for international preliminary examination 

2. Q U hereby appointed and any eariier appointment of an agem U hereby revoked 

[—1 is hereby appointed, in addition to the agenU$) appointed eartier, for the procedure before the International Preliminary 
3- LJ Examining Authority If the space bdow is used instead for^ — 

Name and address, including postal code and country: 

CLARK, Paul T. 
Fish & Richardson 
225 Franklin Street 
Boston, Massachusetts 02110-2804 
United States of America 

Telephone number (induding area code): Telegraphic address: Teleprinter address: 

(617)542-5070 FishRich Boston (617)542-8906 



T ,r u ^ indicated, k w.H be assumed that the State of residence b the same a s the Sute indicated in the address. 

See no«s on accompanying »h<et 



Forrh PCT/IPEA/401 (first sheet) (January 1991). 



Box No. IV DECUVRATION CONCERNING AMENDMENTS OF THE CLAIMS 



Applicant wishes inicmaiional pfeliminafv examination to start promptly on the basis of (he claims 
^ as filed (amendments under Article 19 have not been made and will not be madei 

; as amended under Article 19 
I as specified on the attached sheet 



Box No. V ELECTION OF STATES 



The following designated States are hereby eleaed (please mart the applicable check-boxesi: 
ResioiiAl PaienC 

EP Earopean Patent: AT Austria. BE Belgium. DE Cennany. DK Denmark. FR France. 
CB United Kingdom. IT Italy, LL* Luxembourg. NL Netherlands. SE Sweden, 
and any other State which i$ a Contraaing State of the European Patent Convention and of the PCT i including 
Chapter II thereof^. 

; j OA OAPI Patent: Benin, Burkina Faso. Cameroon, Central African Republic Chad. Congo. Gabon, Mali. 

Mauritania* Senegal Togo. ... ... ■ 

and any other State which is a Contraaing State of the OAPI and of the PCT (including Chapter II ihereoO. 



National Patent 

i - AT Austria 

j I AU Australia 

BB Barbados 

? : BG Bulgaria 

: : BR Brazil 

llT CA Canada 

DE Germany 

OK Denmark 

FI Finland 

; GB United Kingdom 

" I HL' Hungary 

X JP Japan 

'' KP Democratic People's Republic of Korea 



KR Republic of Korea 

LK Sri Unka 

LU Luxembourg 

MC Monaco 

.MG Madagascar 

.MW Malawi 

NL Netherlands 

NO .Nor* ay 

PL Poland 

RO Romania 

SD Sudan 

SE Sweden 

SV Soviet Union 

US United States of America 



Space reserved for electing States which have become party to the PCT (including Chapter II thcreoH or bound by Chapter II of the PCT 
after the issuance of this sheet: 




Box No. VI SIGNATURE 



New England Medical CenterHospitals, Inc. >.'ri-.n;^j^i; o r;:,,''^;'"^-^^^ 
Tufts 0nixj«sit>^h9ol>J^edlcine - '^7\y^(f( ^s^hPhTj 




Pau 



For Aool 




ftyt-nrnev fnr Aoolicants 



followlaf b to b« filled w fcy Hk Uteraatiooal Pttllmiaafy Examlii«t Atithofiiy) 



I. Date of aaiial receipt of DEMAND: 



2. Adjusted date of receipt of DEMAND due to CORRECTIONS under Rule W Ub): 



Forrn PCT-IPEA/401 (last sheet) tianuary I99II 



See notes on accompanvmg >hcet 



FEE CALCULATION SHEET 
ANNEX TO THE DEMAND FOR INTERNATIONAL PRELIMINARY EXAMINATION 



APPLICANT 



For use bv 
I PEA ' 



New KTiglanH Medical (^pnrer Hospitals, TnC. gt flli 



LNTERNATIONAL APPLICATION No. 



PCT/US9 1/025 19 



DATE STAMP OF THE IPEA 



L PRELLMISaRY EXAMINATION FEE . 



400 



IL HANDLING FEE 



150 



H 



III. TOTAL OF PRESCRIBED FEES SLBMrfTED OR TO BE 
CHARGED TO DEPOSIT ACCOLVT 

Add the amounts entered in Boxes P and H. and enter the 
loul in the TOTAL Box. 

THIS FIGURE IS THE TOTAL AMOUNT OF THE 
PRESCRIBED FEES SUBMITTED OR TO BE 
CHARGED TO THE DEPOSIT ACCOUNT 



THE APPUCANT MAY PAY THE PRESCRIBED FEES BY ICHEQtX, POSTAL MONEY ORDER. 
BANK DRAtT, CASH. REVENUE STAMPS, COUPONS. ETC4. P A YM^^^ 

THE PRESCRIBED CURRENCY TO THE lACCOUNT OF. ACCOU^fT INDICATED BELOW OF. 

ORDER on THE INTERNATIONAL PRELIMINARY EXAMINING AtTHpRTTY, 

ALSO BE MADE BY AUTHORIZATION TO CHARGE A DEPOSIT ACCOUNT ATTOE l-^^WA- 

TTONAL PRELIMINARY EXAMINING AtnTHORriY IF THE lATTER HAS A DEPOSTT ACCOUNT 

SYSTEM. 



DEPOSIT ACCOUNT AUTHORIZATION 

~" The IPEA/ is hereby authorized to charge ihc loul fees indicated above to my deposit account. 

3 TTic IPEA>US « hereby authorized to charge any deficiency or credit any overpayment in thc;otaI fees 



indicated above to my deposit account 



06-1050 



Deposit Account Number 



Date 




Paul T. Clark 



Form PCT/lPEA/401 (Annex) (January 1991) 



See noce> on reverse ^ide 



1^' 



?R 2 0 I! 




1 ' PATENT COOPERATION TREATY 



Paul T. Clark 
Fish and Richardson 
225 Franklin Street 
Boston, Massachusettes 



RECEIVED 

UNTTCD STATES 'jinO \ J 1992 
irOERNATIGNAL FREUMINMIY EXAMINim JSMCR^ 



BOSTON, MA 



02110-2804 



WRITTEN OPINION 

lo FCT Roles 66^or 66.4 {mT 



L 



hscn^e NAKfB nd ADDRESS «i ifas AGCKT nd if 
tbere if no afcni, of die AITUCANT 



DAIB OP MAILING 



APPUCANTS OR AGENTS FILE REreRENCE 

003981/0371 



IDBmHCATION OFTHE INTHWATIONALAPPUCATION 



>rT/ITS01/n?Siq 



AppUcmt (NoD^ 

NEW ENGLAND MEDICA T. HFNTKR HQSPTTAL<^. TNC 




RecoviacOfiQoB 

RO/US 



Monty OtfeQiiBwd 

14 April 1990 



WRITTBJOPIMON 



With reference to the above-identified international application, this constitutes 
thft firar ( firsts etc.) wtittcn opinion by this International Preliminary 
Examining Authority. 



I. BASIS OF OPINION 



□ 
ID 

□ 



description, pages 
description, pages. 

claim(s) 1-12 

claim (s ) 



1-19 



The examination is being carried out on the following application documents: 
the application documents as filed 

as originally filed 

filed with your letter of 

as originally filed 

filed with your letter of: 

as priginally filed 



drawings, sheet/fig t_ 



drawings, sheet/ fig t__2Z2- 



, filed with your letter of 23 Hay 1991 . 

This opinion has been established as if the amendments indicated on the extra 
sheet have not been made, since, for the reasons indicated, they have been 
considered to go beyond the disclosure as filed. 



II.NON ESTABLISHMENT OF OPINION ON NOVELTY, INVENTIVE STEP AND 
INDUSTRIAL APPLICABILITY - 



The question whether the claimed invention appears to be novel, 

inventive step (to be non-obvious), and to be industrially applicable will not 

for the reasons indicated below be gone into in respect of: 

1. dThe above-identified international application. 

2. □claims Nos,_ _(»pecify particular claims). 

n Said international application, or saidMiNNsaMMnniaMMMMnittte to 

the following subject matter <3I which <J|>es not rQg^^*^ internat|.onal 
preliminary examination, (specify) 



n The description, claims, or drawings (tny.,^. , 
said claims Nos „ are so unclear tha 



Action Code pilTOP 
Eace Data 



Final Lc^v?; no^ ^rT't^ 

Sat%4 Hafe cular eYivi&m^) or 
at ho 



c uld be f rmedJ3) 



n The claims, or said claims Nos 



are so inadequately supported 



The Claims, or saia caajju ctoj ^ " /^^r * J t^i 

by the description that no meaningful opinion could be f rmed.*-*' 



PCT/US91/Q2519 



WRITTBJ OPINION (continued) 

III. NEGATIVE STATEMENT IN REGARD TO NOVELTY, INVENTIVE STEP AND INDUSTRIAL 
APPLICABILITY OF CLAIMS 

The statement under Article 35 (2) should be negative in respect of 
the claims indicated below. The criteria not satisif led in respect of 
such claims are indicated by the letter abbreviation: N (for Novelty); 
IS (for Inventive Step); and lA (for Industrial Applicability). 



IV. CITATIONS AND EXPLANATIONS IN REGARD TO NOVELTY, INVENTIVE STEP AND 
INDOSTRXAL APPLICABILITY OF CLAIMS . 

No. of Claim / Relevent Supporting Documents Cited / Explanation 



• nh i t "i no DP TV in a marnTn.^l n >:? pRTthpr t:^^;gbt hy 



PCT/US91/02519 



WRrriBJ OPINION (continued) 

V. CERTAIN DEFECTS IN THE INTERNATIONAL APPLICATION 

The following defects In th form or contents of the above- identified 
intezmational application under the Treaty or the Regulations have 
been noted. 



VI. CERTAIN OBSER VATIONS ON THE INTERNATIONAL APPLICATION . 

The following observations on the clarity of the claims, description, 
and drawings or on the question whether the claims are fully supported 
by -the description^, ^re^ notified: r r • . • . - . . t. — • ^ . 




VII. INVITATION 



APPLICANT IS INVITED TO SUBMIT A WRITTEN REPLY ACCOMPANIED, WHERE APPRO 
PRIATE, BY AMENDMENT^** WITHIN f.Vn MONTHS/ — DAYS OF THE DATE 
OF MAILING INDICATED ON THE FIRST SHEET. 



THE I^^ERNATIONAL PRELIMINARY EXAMn^ 


AddnssOnly: 
Boat per 

Wasfazngton. D.C ATTN: IFEAAJS 


AoslwnzBd Officer 

Lester L. Lee 



NOTlSTOF0miPCinPCAM0» . 
TrMr and to IM of t» AigulBtens and tw Adrnln^^ 

(l> TftohiiMiaawtfPnHrif OBriOgAQfwrty * 

(i) ooraUm tMttwinimiondapploMlanhMapydtwdii^ 

banuM to invwi^jMntd^ novii dOM not uppw d mrfw m hvwtiva 

stip(aoMnociippitivlob«mMbvtoi^ 

(i) notte— tot toK if »om» dthat fct to town or coniwtt ot to fciwiiiduiwi appfcatot undar to Tm«ty or 
toaanaouMonii 

Qv) conaidntolanf aRMndffMntQoaabayondtiadbcloaiMintiaini^^ 

(v) iMshaa b a oeowpany to inMnaion^ p n M mtf aia roinaion laport by o b t a r v ifc n a on to danty of to 
dainna, to d w uV to t and to driwng a > or to quaate iitotor to dam m My supportad by to 
dtacffpdoi^ 



to ntd Autody thai notfiy to applcant auooi dh g ty In wntfng. \Mm to naioMi law of to nadonai Oflfea acang «t 

tot pw^Madfarln toaaaond and todaaniwoat o^ft<iaC4(a|t toiimwnairwai IVaiwiiaa>| DaaiiiB Aiitujiiy may.h ca«a 
of firiuv to iM tot mannar of daimingL apply Artda 34(4XbK h caaa^ k 

Thn nocifi cai fan cM My ttaia to laaaona for to opWon of to h a w iid on a l ft iimlnary EamWng Autority/ (Puf0 

€S,i(b» ... . 

Ttm notilioiim M kniii tw vp tt Km t b auMt ■ «wian iwfif bgi#ar. urtim >ppropri»». wWi imandmtnts.* (M» 
ba 2 inonto aftar to dM olaMtfeaiaaw )n AO caaa thai ii ba ahoritf ton t mondi 

montoafiytoaaMdilaiwhafatoi ni ar na donal i aa reh fapoftittr ^^ shail 
it ba mora ton 3 mcwto glw tn i lal ; ta^ r ffmadaLgW) ..... 

(2) nftoUttamadonaiPraimtoqf &caff*ii^ and 
Rulaa6a2and66L3«haiappitei:(nUIMMMP- 

(3) TftolniOTafaniiRiiiiiiiniJwiffAt^^ oonridan 

(i) tftat tha intwnaionai appfcjdon falaiaa la a tubyactnwoy on %iWd> tfw kaanwdonai ftaiwinafy &(anwny>g Atffftonry i< 
not raqlipadundaf to n BOt i id Qn a,looanyoU an iniamai^^ 
to cany out aucf) axaminadoiK or 

(i) tottodtoaaipian,todaim.ortodNHrkiga,araaounclaar.ortottodaimaar« 

d a autp do a tot no maaninq M opMao can bo fomad on to novai^f. hi ^ai ito siap (non^bfvtouanaaa), or moustAai 

jf - - »- - - / ^ - « » — < 

appKwBqfcOi ■wcwBnvovimnm^ 

to aaid >Uitof% M not 90 Into to ^laadona lafanod to in Adfcla 33 ( 1 ) and M 
roaaonaton«aRr(M*J<f4Mk« 



NOTES TO FOAM PCTyiPEA/40S (ConttmMd^ ' 



"No inMn^AMfMArAwy GdirMn^/tMortty tftatbs 

(b) plant or animal varMM^dr^MaantfaSy biological pracastaa for ih« productton of plants and wtimals. otftar than 
micrebioloQicalprooasaaaandt^apffkjuctsofsuchprooMsas^ 

(n) tchamaa.njiaaormatMdlio(doingbuscmawpar1omTlngpu^ 

Ctv) mttfwdsfarmanMnlofthahumanQranimsibodybytwganroriha^ 

(V) nwaprasantaionsolinfar ma doa 

(vi) compuiar programs to tfwa jii a m i hat tf^t n ta ma tib na iP^ ^ 

. . an intMnadonal praiminary axarninadon cd<K4mng such ^^Hfruis.* 

(4) TTw appfcant may wspohrf Mi f» Hvftator ratenad io W nufsMZ^cT cT M'lniainatetf (VrtMnary ExMlnbg Authority 

by maWna MahdR^ or-ff fMSdbi^^^ 

botft-rn^fidl3Mj 

•Any wsponsa shrf ba submiiid dNctfy to tha Inismaix^ 

"Qntftaraqyastoftfta^picant tfw Intsnwbonii Profimtnary Exammg Audwri^m^f gf^Mmonaormoraadcfitfonal 
oppormMaatosubmH a mandnan H cr a rg u mant a .' (RtM»6a.4(b)) 

Tha ^pieM shai ba rsquM 10 submit a raptacament sheat for avary shaal d tha inlsmatfonal a pp fcat to h which, on 
account of «i amandmant dHars from tfio thaat originaOy filad Tha lattsr a ooompanytoq tm foptaoartwat sha«s shati draw 
attantfon to tf)0 dflsranoaa baewaan tm raplMd shaats and tha rapCaoamant shaata. To tha axisnt that any 'amar>dmam resutts 
inthacwwaladonof^antfftihaat ftata mandhwnt shM (M$6S^^} 

*lf tha htsmadonai i^pieadon haa baan (3ad in a languaga otftar than lan^MQa in which it tapubfished any 
aman(knantasw^aa«iyla(iBrraformdtoinfluiad6^(a),sh^ (nuh€6,9) 

*Amandhianis to t«a dUrn undlvArdcia 19 or A/txia 34 (2) may ba mada ai^ 
ad(ftig ooa or mora naw datoa or by amandbg tha tsxt o< ona or mora of tfw daima. aa Sad. AO tfto datma appaaring on a 
raplac<mantshaatshalbanu mb ar»dinarabionumaraia.VVhafaadaimiscanc shall ba 

roquvad In Mcms wharacMmaararaiwfibarad twy thai ba ranumbaradconsaouttvaly.* (S0ahn 205(9)} 
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i <vi r iictoiBWiw^b<flPOty d) ^whtdwK 



0) tfMcMmisunohinQs^ 

(i) tfMdMiitoanoM; 

(B) tecWmiinMr; 

(V) tfwdiimittwrMulloltitdwWonoftc^ 

TTw sQHdiQn ol tw iippicM It ilao d«Mi to tfw «a^^ 

toFQnnPCT/iaA/220l<iWchherecdved<fem tfme cxvnplM art alto vafid in respect ol 

anwndnMnti fnadt in tfw oouras of iniHTiadonti pivAiwMfy aocaffi^^ 
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1. Use of compound having the structure 



Group I - Group li 
where Group i has the structure: 



H -- 



H 

NH'- C 



O 

B 

C - N - C 

Rl- C - Y 
I 

R2 



O 

I 

C 



H 
I 

+ NH'.- C 



wherein each R, independently, is chosen from the 
group consisting of the R groups of an amino acid including 
proline; each broken line, independently, represents a bond 
to an H or a bond to one said R group, and each H' 
represents said bond or a hydrogen; p is an integer between 
0 and 4 inclusive; 

or Group I has the structure: 



Gl 



r G2 1 
I 

c 

I 

L G3 



n 



where n is between 0 and 3 inclusive, 
each G2 and G3 independently is* H or CI 
Gl is NH3, NH - C - NH2 ,or 

i 

NH2 



- 3 alkyl. 



NG4, where G4 is C - G5 

I 

G6 

Where G5 and G6 can be NH, H, or Cl - 3 alkyl or 
alkenyl with one or more carbons substituted with a 
nitrogen; provided that Gl bears a charge and Gl and Group 
II do not fona a covalently bonded ring structure at pH 7.0; 

or Group I has the structiire: 



- 21 - 



1 

a 



37 where one or two of said a, b, c, d, e, and f is N 

38 and the rest are C, and each SI - S6 independently is H or 

39 CI - C3 alkyl; where Group II has the structure: 

40 OH 

41 B i 

42 C-N-C-T 

43 I I 

44 Rl- C - Y 

45 I 

46 R2 ; 

47 T is a group of the formula: 

48 D2 

49 I 

50 - B- Dl, where B is boron and each Dl and D2, independently, 

51 is a hydroxyl group or a group which is capable of being 

52 hydrolysed to a hydroxyl group in aqueous solution at 

53 physiological pH; a group of the formula: 

54 -C - CF- 

55 HI 

56 OF 

57 where G is either H, F or an alkyl group containing 1 to 20 

58 carbon atoms and optional heteroatoms which can be M, S, or 

59 O; or a phosphonate group of the formula: 



where each J, independently, is 0-alkyl, N-alkyl, or alkyl, 
each said 0-alkyl, N-alkyl or alkyl comprising 1-20 carbon 
atoms and, optionally, heteroatoms which can be N, S, or 0; 
said T being able to form a complex with the catalytic site 
of a dipeptidyl-aminopeptidase type IV (DP IV) enzyme; 

R4 R5 
II 

Y is R3 - C - R4, R3 - C - C - R6, or 

I I 

R4 R5 R7 

I I I 

R3 - C - C - C - R8 

ill 
R6 

and each Rl, R2, R3, R4, R5, R6, R7, and R8 , separately is a 
group which does not significantly interfere with site 
specific recognition of said inhibitory compound by said DP 



IV, and allows said complex to be formed with said DP IV for the 
preparation of a medicament for the treatment of transplant 
rejection or an autoimmxine disease. 



2. The use of claim 1, wherein T is a boronate group, 

3. The use of claim 1, wherein T is a phosphonate 
group or a trif luoroalkyl ketone group, 

4. The use of claim 1 wherein each Rl - R8 is H. 

5. The use of claim 1 or 2 wherein each Rl and R2 are 
and each Y is CHj - CHj. 

6. The use of claim 5 wherein each R is independently 
chosen from the R group of proline and alanine, 

7. The use of claim 1^ wherein said compound has a 
binding or dissociation constant to said PP IV of at least 
10"^M. 

8. The use of claim 1, wherein said compound has a 
binding constant to said DP IV of at least 10"®M. 

9. The use of claim 1 admixed within a 
pharmaceutically acceptable carrier substance. 

10. The use of claim 1 wherein, each Dl and D2 is, 
independently, F or Dl and D2 together are a ring 
containing 1 to about 20 carbon atoms, and optionally 
heteroatoms which can be N, S, or 0, 

11. The use of claim 1, wherein said autoimmune 
disease is arthritis or systemic lupus erythmatosus • 

12. The use of claim 1 wherein said compound has the 
formula d« 

H ^ 

A.. \ 

«^ each and D^. mdq>cadently, b a hydroxyl 

group or a groap which a capable of bdmg hydro 

to a hydroxyl group m aqueoos aohtdoa at physiolog* 
' teal pH; "'- 

and X comprises an amino add or a peptide which 

mimics the site of* sabsttmterecognired by a post 
^ • orolvidcavingenryme. 



